.33% were used. The mean diffusivity of flesh of longan fruit increased with temperature, but the diffusivities of shell, seed coat, seed, and seed stalk were independent of temperature. The moisture diffusivities of shell and seed coat were much lower than those of the other parts of the longan.
INTRODUCTION
The mature Longan fruit (Dimocarpus Longan Lour.) is a small (Ca. 1.5-2 cm diameter) conical, heart shaped, or spherical in shape and light brown in color. It has a thin, leathery, and indehiscent pericarp surrounding a succulent, edible white aril. The aril contains a relatively dark brown seed. Maturity can be determined on the basis of fruit weight, skin color, flesh sugar concentration, flesh acid concentration, sugar to acid ratio, flavor, and/or days from anthesis. Longan fruits are non-climacteric with little change in soluble solid concentration (SSC) or titratable acidity (TA) after harvest. Longan fruits deteriorate rapidly unless proper handing and processing techniques are employed. [1] Longan fruit is grown commercially in many countries, including China, Thailand, India, and Vietnam. The crop is spread widely throughout the tropics, although China, Thailand, and Vietnam account for most of the fruit production. In China, Longan fruit is mostly marketed locally, and import of the fruit has been increasing recently; this trend is similar in Taiwan. Export of longan fruit from Thailand and Vietnam is increasing rapidly with Thailand currently the largest exporter followed by Vietnam. [1] Longan is an important commercial fruit in northern Thailand, and it is widely processed as dried fruits for exporting to China. Conventional hot air dryer are widely used for the production of dried longan. Energy consumption and product quality are the prime concerns of drying of longan. To understand the transport processes during drying is of importance for production of better quality of dried product and knowledge of the moisture diffusivity of longan is essential to understand the transport processes during drying.
Longan is a complex fruit consisting of shell, flesh, seed coat, seed, and seed stalk ( Figure 1 ). Because of their varying composition and microstructure, these components have different physical properties including moisture diffusivity. Moisture movement based on Fick's second law of diffusion can be used to interpret the phenomena of drying of longan fruit, and the moisture diffusivities of longan fruit components are needed to accurately predict the moisture transfer during drying.
Extensive research has been done on moisture diffusivity of single kernels and components of a kernel of different grains. [2] [3] [4] [5] [6] [7] [8] [9] [10] Several studies have been reported on moisture diffusivity of fruits, vegetables, and spices. [11] [12] [13] [14] [15] [16] Panagiotou et al. [17] reported moisture diffusivity of more than 100 food materials classified in 11 food categories and results concern the reported range of variation of moisture data together with the corresponding range of variation of material moisture content and temperature. Limited studies have been on overall effective diffusivity of longan fruit. [18] [19] [20] [21] But negligible study has 
MATERIALS AND METHODS
Longan fruit used in this investigation was collected from a fresh market of Chiang Mai, Thailand, and it was stored at 50°C in the Department of Food Engineering, Silpakron University, Nakhon Pathom. The initial moisture content of fresh longan was about 84% (w.b.). It was neither treated with chemicals or separated into components before conducting the experiment. Before starting an experiment the fruits were left in the room temperature in the laboratory in the Department of Physics, Silpakorn University, Nakhon Pathom, Thailand, and then single fruits were separated into shell, flesh, seed coat, seed, and seed stalk. Each of the components was dried separately in a laboratory dryer in the Physics Department, Silpakorn University, Nakhon Pathom, Thailand, under controlled conditions of temperature and relative humidity. The thin layer drying apparatus used is similar to that described by Guarte. [22] The laboratory drying apparatus consists of a centrifugal blower, a drying section, an electrical resistance air heating section, measurement sensors, and data recording and controlling system with a personal computer. The thin layer drying tests were conducted in the temperature range of 50°C to 80°C, and the relative humidity of the drying air from 1.5 to 13.33%. Four sets of experiments were conducted for each of the components of the longan fruit.
Before starting an experiment, the drying apparatus was allowed to run for one hour to obtain steady temperature. Thin layer drying of the longan component was conducted at a temperature of 50, 60, 70, and 80°C. For each experiment, about 100 g of the components of the fresh longan fruit was spread in the drying chamber is a single layer. All the drying experiments were carried out at an air velocity of 0.2 m/s. The drying air temperatures were monitored using thermocouple (K type) connected to a personal computer using an interface at an interval of 5 min and the weights of longan components were recorded by an electronic balance (accuracy ± 0.01 g) at an interval of 1 h. Removing, weighing, and replacement required about 2 min.
Theoretical Consideration
Fick's second law of the unsteady state diffusion, neglecting the effects of temperature and total pressure gradient, can be used to describe the drying behavior of fruits. [23] This equation can be solved for different standard shapes of the drying material. These equations are:
for sphere 
and for slab of half thickness, z Equations (2) to (4) can be fitted to the experimental data of the products if the products have the shapes of sphere, cylinder, and slab, and the diffusivity can be determined minimizing sum of squares of the deviations between the predicted and experimental data.
The following assumptions are made in solving the Eqs (2) to (4): (1) drying is isothermal; (2) the fruit consists of five components: seed, seed stalk, flesh, seed coat, and shell. The seed is spherical and the seed stalk is cylindrical in shape, and the flesh, seed coat and shell are cut into the shape of slab; (3) each component of the fruit is homogenous; (4) initial moisture content is uniform; (5) moisture movement is one directional; (6) diffusivity is constant for each component of the fruit; and (7) shrinkage is negligible.
DETERMINATION OF DIFFUSIVITIES
Thin layer drying models of sphere for the seed, slab for flesh, seed coat and shell, and cylinder for the seed stalk were fitted to experimental data of thin layer drying of the components of the longan fruit. The suitability of the models was determined by using standard error of estimate and coefficient of determination. Equation (2) 
RESULTS AND DISCUSSION
The influences of drying air temperature on drying curves for different components are shown in Figure 2 . The drying rate of the different components of longan increased with the increase of drying air temperature. The agreement between the predicted and observed results of moisture content of different components of longan fruit was found to be excellent. The comparison of the predicted values and experimental data of the moisture content for flesh of longan for different temperature are shown in Figure 3 and the agreement between the predicted and experimental value is excellent (R 2 = 0.99).
The diffusivities of the different components of the longan are shown in Table 1 . The diffusivity of the flesh of longan is highly temperature dependent but for other components the diffusivity is independent of temperature. The diffusivity of the flesh can expressed as a function of temperature using Arrhenius type equation as: Fig. 4 shows the variation of the moisture diffusivity of flesh of longan fruit as a function of the reciprocal of absolute drying air temperature. Achariyaviriya et al. [18] . .
. R (5) reported the effective diffusivity of single longan fruit in the range of 1.389×10 −11 to 3.750×10 −10 m 2 /s. The mean value of the components of the longan fruit in this study lies in the range of 4.494×10 −12 to 2.867×10 −9 m 2 /s, and it is within the range of effective diffusivity of single longan fruit reported by Achariyaviriya et al. [18] The mean value of the diffusivity of mango lies within the range of 8.846×10 −11 to 1.935×10 −10 m 2 /s, but the range is very narrow. This might be due to the difference in biological structure of longan and mango. 
CONCLUSIONS
Moisture diffusivity of flesh of longan fruit increased with air temperature. But the air diffusivities of shell, seed coat, seed, and seed stalk were independent of temperature changes. Moisture diffusivities of shell and seed coat were much lower than those of the other components of longan fruit. Temperature dependence of the flesh of the longan fruit can be satisfactorily described by an Arrhenius-type equation. The mean value of the diffusivity of the components of the longan fruit in this study lies in the range of 4.494 × 10 −12 to 2.867×10 −9 m 2 /s. 
